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Abstract. Inspired by the real LEGO game, an Augmented Reality 3D LEGO 
game is introduced. With multiple levels, the game provides a tool to improve 
spatial ability for a wide range of ages. Through the game, users can practice 
many spatial skills such as analyzing a 3D model’s structure, figuring out what 
to do to make a primitive geometry become a component of a 3D model, 
assembling components to create a complex model. The users mainly use their 
hands controlling physical makers to play the game. A user study was also 
carried out to evaluate the game and to compare it with the real LEGO game. 
The game is believed to be a useful and interesting tool to enhance not only 
human’s spatial ability but also human’s creation in 3D reconstruction.    

Keywords: LEGO, Augmented Reality, Human Computer Interaction, Spatial 
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1   Introduction 

Spatial ability is an important component of human intelligence. It is a human’s 
mental process to interpret visual information such as pictures, drawings, maps, plans 
etc [1]. It refers to the ability to identify, manipulate and transform 3D objects. 
Although spatial skills are often thought to be critical for some careers such as artists, 
engineers, and architects, researchers have identified over 86 different careers where 
spatial skills are essential for success [1]. Nowadays, spatial ability is considered an 
important human skill set to evaluate the effectiveness in learning, training, working, 
and even playing [2]. 

Educational researchers have realized the importance of cultivating students’ 
spatial ability. Many studies have shown that spatial ability can be improved by well-
designed trainings [3]. 2D animation tools, 3D software are often used in these 
training activities. However they do not really satisfy users because of limitations of 
intuitive 3D presentation. Recently, a number of studies have shown the usefulness of 
Virtual Reality and Augmented Reality (AR) in training spatial ability [4], [5]. Based 
on the real LEGO game [7], this paper proposes a multiple-level 3D LEGO game in 
augmented reality environment, named 3DAR-LEGO, which provides several levels 
to practice and improve spatial ability.  

The 3DAR-LEGO is a desktop marker based AR system, using the library 
ARToolkit [6]. With the purpose of bringing the game to every people like the real 
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LEGO game, it does not require any special devices. Just with a personal computer, a 
cheap webcam, and some printed markers, any users can start playing the game at 
once. The 3DAR-LEGO introduces the users a flexible, convenient, and effective 
human-computer interaction to play the LEGO game in computer by combining both 
the traditional input method (mouse/keyboard) and the tangible input method 
(markers). The users use a mouse to select operations on a toolbar then control 
markers to interact with the game. 

2   Related Work 

Lego is a line of construction toys manufactured by the Lego Group [7]. It consists of 
colorful interlocking plastic bricks and an accompanying array of gears, small figures 
and other parts. Lego bricks can be assembled and connected in various ways in order 
to construct such objects as vehicles, buildings and even robots. Normally, players 
will look at 2D images of 3D models and reconstruct physical models. Certainly, the 
2D images cannot convey all the information of 3D models.  

Recently, the Lego Group has collaborated with Metaio to launch the “DIGITAL 
BOX” [8]. Metaio utilizes the innovative technology, Augmented Reality, to develop 
software programs which together with a camera and a display screen let LEGO 
packages reveal their contents fully-assembled within live 3D animated scenes. 
Therefore, the potential buyers can hold both the box and the finished product in their 
hands and are able to see exactly how much fun there is inside. Thanks to this idea, 
players now have a better view of what they have to assemble. However, the idea of 
the DIGITAL BOX just stops at intuitively displaying 3D models to assist in playing 
the game. Nothing is changed in the way of interacting with the Lego. The image of a 
DIGITAL BOX terminal from the LEGO Group in Fig. 1 shows exactly how a Lego 
model will look like when it has been fully assembled, even before the box is opened. 

 

 

Fig. 1. A Lego digital box 
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Before the introduction of the Digital Box, the use of Lego had been already 
brought to the Augmented Reality in several systems. However, bricks of Lego are 
often used as the tangible parts for these systems. AR Lego [9] implements a playful 
machine assembly and maintenance scenario. The system provides step-by-step 
assembly instructions of which block should be mounted next and how to verify 
whether the user is at the correct stage in the construction. LEGO House Platform 
[10] is a real miniature house using LEGO bricks. Instead of building the house 
completely with furniture and decorations by LEGO bricks, authors augment the 
physical LEGO house with virtual furniture using AR technology.  

3   Game Overview 

Inspired by the famous Lego game, the idea of the 3DAR-LEGO is that: first the 
3DAR-LEGO allows users to load a sample 3D model from a file, then it decomposes 
this model into “pieces”; the users have to use these pieces to reconstruct the 3D 
model while observing the sample model. Depending on the selected level of the 
game, a piece can be a precise component of the sample model or just a primitive 
geometry: 

 

− Level 1: each piece is a precise component of the sample model. All the users have 
to do is to pick it and put it at an appropriate position to recreate the model. No 
transformation operation is required. 

− Level 2: each piece is a primitive geometry such as a sphere, a cube, a cone etc., 
which can be customized to become a precise component of the sample model. The 
users have to customize pieces then place them together to reconstruct the model. 
The customizing operations include scaling, rotating, resizing, coloring or texture 
mapping.  

− Level 3: no piece is provided at this level. By observing the sample model, the 
users have to analyze to figure out its structure. Then they select, customize and 
place primitive geometries together to reconstruct the model. 

4   Hardware Setup 

Keeping the wish of bringing the 3DAR-LEGO to a large volume of audiences in 
mind, a desktop marker-based AR game with minimum requirement of computer 
skills and hardware devices is developed. After printing all the markers, turning on 
the camera, the users can at once enjoy the game. Fig. 2 shows a typical hardware 
setup for the game. In order to play the 3DAR-LEGO, a user needs: 

− A personal computer with a normal monitor: no kind of 3D glasses is required.  
− A webcam with a tripod (preferable) 
− A Cardboard containing multiple markers: this is the working space of the game, 

so the users can freely interact with the game without too much worry about the 
marker occlusion problem. 

− An Object Marker: a component of a model is displayed on this marker and added 
to a model on the cardboard later. This marker is attached to a block to provide a 
convenient tangible interaction device. 
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− A Sample Marker: this is a block with five markers so that the users can observe a 
sample 3D model from any direction. 

− A Selecting Marker: this marker is used to select any components of a model. All 
transformation operations are applied to selected components.  

− Two Editing Markers: change attributes of a piece.  

 

Fig. 2. A typical hardware setup for the 3DAR-LEGO 

5   How to Play the Game 

The 3DAR-LEGO has three levels as mentioned above. Depend on each level, skills 
are required differently. In this section, how to play the game at the Level 1 will be 
described in details first. The level 2 and 3 will be explained after that. 

At the Level 1, playing the 3DAR-LEGO is similar to playing the real Lego game. 
It follows the steps below: 

1) Loading a sample 3D model from a file: the game provides some sample 
models (from simple to complex ones). Later, users themselves can create 
their own sample models. After a model is selected, it will be displayed on 
the Sample Marker (See Fig. 3). By observing this visual 3D model, the 
users will know what they have to assemble. On the other hand, it will be 
decomposed into pieces. These pieces are stored in a palette on the right side 
of the windows. Each piece is located in a box of the palette. This palette is 
dynamically resized depending on the number of the pieces (See Fig. 3). 

2) Observing pieces: when the users move the mouse over a box, the piece in 
that box will be displayed on the Object Marker. Thanks to this, the users 
can have a comprehensive observation of that piece.  
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3) Picking a piece: if the current piece on the Object Marker is suitable, the 
users can click the mouse to firmly bind it to Object Marker (See Fig. 3).  

4) Assembling a piece to reconstruct the 3D model: holding the Object Marker, 
the users freely move their hands to an appropriate position to place it down 
by clicking on the Add button on the toolbar. The aligning feature makes this 
operation simple and accurate (See Fig. 3). If by mistake, a piece is placed at 
a wrong position, it can be attached back to the Object Marker by clicking on 
the Cut button on the toolbar. 

5) Step by step, the users will complete their model. Transformation operations 
may be required depending on the complexity of the sample model. 

 

Fig. 3. The 3DAR-LEGO interface 

Level 2 and Level 3 require the users to have good ability to analyze a 3D model’s 
structure. The users have to figure out what to do to customize a primitive geometry to a 
model’s component, and then assemble components to recreate a complex model. To 
create and customize primitive geometry, the users need to use functions provided by 
the 3DARModeler [11] which is already integrated into the game. The 3DARModeler 
can be considered a simple version of 3D Studio Max but in Augmented Reality 
environment. It provides necessary functions for a modeling system such as creating 3D 
objects, customizing object’s attributes, aligning objects, grouping, applying texture, 
adding animation etc. The models created by the 3DARModeler are saved to files to 
serve as sample 3D models. Therefore, sample models can be designed by users 
themselves to meet their own need in a specific area which they want to improve  
spatial ability. 

For example, Fig. 4 shows the 3DAR-LEGO at Level 3 where no piece is 
provided. In this game, the sample model is a tower. While observing it, the users 
have to realize that the bottom component is essentially a cube. Then a cube should be 
created and textured. After that it needs to be scaled along the three axes by Editing 
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Fig. 4. The 3DAR-LEGO interface 

Markers (Details of how these Editing Markers perform other operations are explained 
in [11]). Step by step, other components are added to complete the 3D model.   

6   Evaluation and Conclusion 

Through the game, players can practice many spatial skills such as analyzing a 
model’s structure, figuring out what to do to customize a primitive geometry to a 
model’s component, arranging components to create a complex model. To get 
feedbacks from users, a user study has been carried out through an HCI class, and the 
Kid & Edu exhibition in Korea. The main goal is to evaluate the system and to 
compare it with the real Lego game. 63 participants were divided into three groups 

− Group 1: from 7 to 11 years old (29 participants) 
− Group 2: from 12 to 15 years old (13 participants) 
− Group 3: 16 years old above (21 participants) 

 

Fig. 5. A simple model of a table 
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Table 1. Evaluation results of the 3DAR-LEGO 

Aspects Average score / 7.0  
Interesting 6.7 
Practical 6.7 
Similar to the real Lego 6.7 
Intuitive 6.5 
Easy to play at Level 1 6.5 
Easy to play at Level 2 4.3 
Easy to play at Level 3 4.1 
Able to improve spatial abilities  6.8 
Able to enhance the ability of 
analyzing a model’s structure 

6.2 

All the participants were asked to assemble a simple model of a table (see Fig. 5) at 
all the three levels then fill in a questionnaire. We used the 7 scale to evaluate each 
aspect of the 3DAR-LEGO. The Table 1 above shows the results of the user study. 

All the participants were able to play the game at Level 1 easily.  However only 2 
participants of group 1, 4 participants of group 2, and 7 participants of group 3 rated 
above 6 for the “Easy to play” at Level 2 and 3.   

In compare with the real Lego, all the participants agreed with the following 
advantages of the 3DAR-LEGO: 

− Easy to play 
− Do not worry about the loss of pieces 
− Do not need space to store pieces 
− Easy to carry to any place 
− Can see the complete 3D models before playing the game 

With the supportive results of the user study, we believe that our system will be a 
useful and interesting tool to improve not only human’s spatial ability but also 
human’s creation in 3D reconstruction. 
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